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ABSTRACT

Objective To quantify the effectiveness of

pharmacological and lifestyle interventions to prevent or

delay type 2 diabetes in people with impaired glucose

tolerance.

Data sourcesMedline, Embase, and the Cochrane library

searched up to July 2006. Expert opinions sought and

reference lists of identified studies and any relevant

published reviews checked.

Study selection Randomised controlled trials that

evaluated interventions to delay or prevent type 2

diabetes in individuals with impaired glucose tolerance.

Results 21 trials met the inclusion criteria, of which 17,

with 8084 participants with impaired glucose tolerance,

reported results in enoughdetail for inclusion in themeta-

analyses. From the meta-analyses the pooled hazard

ratios were 0.51 (95% confidence interval 0.44 to 0.60)

for lifestyle interventions v standard advice, 0.70 (0.62 to

0.79) for oral diabetes drugs v control, 0.44 (0.28 to 0.69)

for orlistat v control, and 0.32 (0.03 to 3.07) for the herbal

remedy jiangtang bushen recipe v standard diabetes

advice. These correspond to numbers needed to treat for

benefit (NNTB) and harm (NNTH) of 6.4 for lifestyle (95%

credible interval, NNTB 5.0 to NNTB 8.4), 10.8 for oral

diabetes drugs (NNTB 8.1 to NNTB 15.0), 5.4 for orlistat

(NNTB 4.1 to NNTB 7.6), and 4.0 for jiangtang bushen

(NNTH 16.9 to NNTB 24.8).

Conclusions Lifestyle and pharmacological interventions

reduce the rate of progression to type 2 diabetes in

people with impaired glucose tolerance. Lifestyle

interventions seem to be at least as effective as drug

treatment.

INTRODUCTION

Type 2 diabetes is a growing health problem, with the
prevalence of the disease set to rise dramatically in
Westernised societies. Individuals with diabetes have
a life expectancy that can be shortened by as much as
15 years, with up to 75% dying of macrovascular
complications.1 In England around 1.3 million people
are currently diagnosed with diabetes and incidence is
increasing in all age groups.2 Around 5% of total NHS

resources and up to 10%of hospital inpatient resources
is used for the care of people with diabetes.2 Interven-
tions to delay or even prevent type 2 diabetes have the
potential to improve the health of a population and
reduce the burden of healthcare costs.
People with impaired glucose tolerance have a high

risk of developing type 2 diabetes,3 and consequently
many trials of interventions for prevention of type 2
diabetes have focused on such individuals. Interven-
tions assessed have been diverse and include pharma-
cological, lifestyle, and herbal remedies.
Several current reviews have been carried out on

prevention of type 2 diabetes,1 4-9 covering different
aspects such as pharmacological interventions or the
effects of weight loss. We consolidated the evidence
by considering all forms of intervention in a systematic
review and undertook a meta-analysis.

METHODS

Searching

We searchedMedline (1966 to July 2006) and Embase
(1980 to July 2006) with search strategies developed by
combining phase 1 and 2 of the Cochrane Collabora-
tion’s randomised controlled trials filter,10 search terms
coveringboth type 2 diabetes andprevention, and clin-
ical terms for impaired glucose tolerance. We also
searched the Cochrane central register of controlled
trials and the Cochrane library of systematic reviews
(issue 2, 2006), sought expert opinion on relevant
trials, and checked references of any articles that met
the inclusion criteria and published reviews that con-
sidered prevention of type 2 diabetes.

Selection

Study selection was restricted to randomised con-
trolled trials to ensure the inclusion of only high quality
evidence. Studies had to have an intervention to delay
or prevent type 2 diabetes in a sample or subsample of
individuals with impaired glucose tolerance. Develop-
ment of diabetes was a required outcome measure.
Three of the authors (CLG, KRA, PCL) determined
trial inclusion by consensus. At least one of the
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research team with a translator assessed foreign lan-
guage papers with relevant titles or English abstracts.
All translators were familiar with medical literature
and terminology.

Validity assessment

Two authors (CLG, KRA) independently assessed all
studies included in themeta-analyses for quality, using
both the Jadad score11 and, as it is an important aspect
of quality not included in the Jadad score, concealment
of allocation.

Data abstraction

Two authors (CLG, KK) independently extracted data
on progression to type 2 diabetes, body mass index,
and age and resolved disagreements through discus-
sion.
Meta-analyses were conducted on the log hazard

ratio scale. Not all the trials reported the necessary sta-
tistics directly so we had to transform and estimate the
reported data as necessary (see bmj.com).12 13 In some
caseswe could estimate only incidence rate ratios. Inci-
dence rate ratios can be considered approximations of

Table 1 | Characteristics of studies on lifestyle interventions included in review

Trial Population Interventions Definitions of impaired glucose
tolerance and type 2 diabetes

Pan, China (1997)w22 n=530 Chinese with impaired
glucose tolerance.All >25 years,283
men, 247 women

Diet group received individual and group counselling sessions, those with BMI >25
encouraged to lose weight. Exercise group encouraged to increase their daily
exercise. Diet and exercise group received both interventions as above. Control
group received routine advice

WHO 1985 criteria

Diabetes Prevention Study
(DPS), Finland (2003)25

n=522, overweight with impaired
glucose tolerance, 67%women

Control group received limited advice on diet and exercise; intervention group given
tailored, detailed advice on diet, weight reduction, and exercise

WHO 1985 criteria

JDPP, Japan (2005)w18 n=240 with impaired glucose
tolerance, 49% women, mean age
51, mean BMI 25

Control group received standard diet and exercise advice. Intervention group
encouraged to lose weight if necessary, walk for 700 kcals worth/week, and change
their diet with help of dietician

WHO 1999 criteria

Kosaka, Japan (2005)w27 n=356men with impaired glucose
tolerance, aged 30-70

Control groupadvised to loseweight if BMI ≥24and intervention group if BMI≥22by
eating smaller meals and increasing physical activity. Advice repeated every 6
months for controls and 3-4 months for intervention group

WHO criteria in 1980

Liao, USA (2002)w29 n=70 Japanese Americans with
impaired glucose tolerance, 55%
female

Intervention group put on the American Heart Association step 2 diet, plus 1 hr
endurance exercise three times/week. Control group recommended less intensive
step 1 diet and stretching exercises three times/week

WHO criteria in 1998

Tao, China (2004)w21 n=60 with impaired glucose
tolerance, 43% female, aged34-65,
mean age 51

Both groups received dietary advice. Intervention group also received regular
moderately intensive exercise training

WHO 1999 criteria

Wein, Australia (1999)w35 n=200 women with previous
gestational diabetes and currently
with impaired glucose tolerance

Intervention group received advice on intensive dietary modification, control group
given routine advice

WHO 1985 criteria

BMI=body mass index.

Table 2 | Characteristics of studies on pharmacological/herbal interventions included in review

Trial Population Interventions Definitions of impaired glucose
tolerance and type 2 diabetes

EDIT, UK (2003)w3 n=631, some with impaired glucose tolerance, 49%
men, 94%white

Factorial trial. Subjects randomised to acarbose (50mg
three time/day) or placebo and metformin (500 mg
three times/day) or placebo

WHO 1985 criteria

Eriksson, Finland (2006)w38 n=34 with impaired glucose tolerance and first degree
relative with type 2 diabetes. Age 35-70, BMI 25-35,
74% women

Randomised to placebo or 2.5 mg glipizide daily WHO criteria in 2006

Fan, China (2004)w20 n=51with impairedglucose tolerance,age >35,BMI >19 All received standard diet and exercise advice.
Intervention group additionally took jiangtang bushen
recipe 2-3 times/week

WHO 1999 criteria

Heymsfield, USA and Europe (
2000)w28

n=675 obese adults (120 with impaired glucose
tolerance), BMI 30-43

All recommended low energy diet then randomised to
placebo or 120 mg orlistat, three times/day

WHO 1985 criteria

Li, China (1999)w30 n=90 with impaired glucose tolerance, aged 30-60 250 mgmetformin or placebo three times/day for 12
months

WHO 1985 criteria

Pan, China (2003)49 n=261 with impaired glucose tolerance, aged 35-70,
BMI >19 and ≤34, 60% women

50mg acarbose or placebo three times/day American Diabetes Association
(ADA) 1997 criteria

STOP-NIDDM, Canada, Germany,
Austria, Norway, Denmark, Sweden,
Finland, Israel and Spain (2002)w33

n=1429, with impaired glucose tolerance, age 40-70,
BMI 25-40

100 mg acarbose or placebo three times/day WHO 1985 criteria

TRIPOD, USA (2002)w34 n=266 insulin resistant (167 with impaired glucose
tolerance), Hispanic women with previous gestational
diabetes

400mg troglitazone or placebo once a day, all received
standard diet and exercise

Impaired glucose tolerance
diagnosed if sum of 5 OGTT
≥34.7mmol/l. Diabetes defined
by ADA 1997 criteria

XENDOS, Sweden (2004)w33 n=3277; 694 had impaired glucose tolerance, age 30-
60, minimum BMI 30

120mgorlistat or placebo three times/day, all patients
prescribed low calorie diet and exercise

WHO 1994

BMI=body mass index; OGTT=oral glucose tolerance test.
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hazard ratios, althoughboth aremodelled under differ-
ent assumptions.13 When insufficient data had been
published, we contacted study authors if possible.
Interventions were either lifestyle, comprising diet

and exercise interventions, or pharmacological and
herbal, comprisingoral diabetes drugs, the anti-obesity
drug orlistat, and jiangtang bushen recipe, a Chinese
herbal remedy.

Quantitative data synthesis

We fitted random effects meta-analyses models14 to
allow for heterogeneity between studies (see table 4).
We used the pooled hazard ratios from the meta-ana-
lyses, together with the pooled hazards of developing
type 2 diabetes from the control arms of the trials,
under the assumption of a constant hazard, to estimate
the difference the intervention would make in the five
year cumulative incidence of developing diabetes and
the associated number need to treat.
We did not include troglitazone in themeta-analyses

as it has been withdrawn from several markets world-
wide because of problemsof liver toxicity,w1 thoughwe
have discussed trial results in the review for interest.
The trial by Jarrett et al used a factorial design, asses-
sing one pharmacological and one lifestyle
intervention.w2 In our analysis we assumed the two
interventions did not interact.
Further analyses, as described below, were con-

ducted separately for lifestyle interventions, oral dia-
betes drugs, orlistat, and jiangtang bushen, although
not all analyses could be carried out for the last
two categories because of the small number of trials.
We quantified heterogeneity between studies with
the I 2 statistic15 and explored it through meta-
regression models,14 assessing mean age, mean body
mass index, and length of follow-up individually

(see table 2). Because of heterogeneity in the trial popu-
lations, the underlying rate of development of type 2
diabetes varied between trials. We assessed the effect
of this baseline risk on effectiveness of interventions by
fitting a bayesian meta-analysis model, accounting for
both the uncertainty in the baseline risk and the inher-
ent correlation between the baseline risk and hazard
ratios.16 Impact of study quality was considered with
the overall Jadad score and each component sepa-
rately. We used a cumulative analysis approach by
meta-analysing all the highest scoring studies, followed
by inclusion of those that scored one point less, conti-
nuing until all studies were included. We then com-
pared the pooled effect sizes at each step. Concealment
of allocation was assessed by removing the trials that
had reported this from the meta-analyses.

We undertook sensitivity analyses to assess the effect
of different definitions of impaired glucose tolerance
and type2diabetes usedbydifferent trials by removing
the studies using the newer, lower threshold for fasting
plasma glucose from the meta-analyses. To investigate
the influence of an individual study on the hazard ratio,
we examined the effect of removing each study indivi-
dually from the meta-analyses. Publication bias was
assessed with Begg’s and Egger’s tests.14 All analyses
were carried out in Stata (StataCorp, College Station,
TX) apart from the baseline risk and number needed to
treat models, which were fitted in WinBUGS.17

RESULTS

Trial flow

We identified 11 383 articles by the Medline and
Embase searches (fig 1). We assessed the titles and
abstracts and obtained the full articles for any that
were potentially relevant (see web reference list on
bmj.com). Of these, 27 were in English, and they

Table 3 | Characteristics of studies on pharmacological and lifestyle interventions included in review

Trial Population Interventions Definitions of impaired glucose tolerance and type 2
diabetes

Diabetes prevention
programme (DPP), USA
(2002)w1 w23

n=3234 with impaired
glucose tolerance, aged
≥25. Minimum BMI 24 (22
in Asians), 32.3%men,
54.7% white

Four interventions: standard lifestyle recommendations plus placebo,
standard lifestyle recommendations plus metformin (850mg twice daily),
standard lifestyle recommendations plus troglitazone (400 mg daily) and
an intensive programme of lifestyle modification. Troglitazone arm
discontinued early because of safety reasons

ADA 1997 criteria

Fang, China (2004)w19 n=178 with impaired
glucose tolerance, 55%
men

Four interventions: standard prevention education, education and
monitoring of diet and exercise, acarbose 25-50mg 3 times/day, or
flumamine 125-250 mg 3 times/day

WHO 1985 criteria

Indian diabetes prevention
programme (IDDP), India (
2006)w39

n=531 native Asian
Indians with impaired
glucose tolerance, aged
35-55, 21% women

Four interventions: standard lifestyle advice, lifestyle modification,
metformin (500 mg twice daily, dropping to 250mg twice daily after
median of 40 days), combination of lifestyle modification and metformin

WHO 1999 criteria

Jarrett, UK (1979)w2 n=204men with impaired
glucose tolerance

Factorial trial: 50mg phenformin daily or placebo and recommendation to
limit carbohydrate intake to 120 g/day or just to limit sucrose (table sugar)

Survey blood glucose 6.1-11.0 mmol/l and OGTT peak
blood glucose ≥10mmol/l and 2 hr blood glucose 6.7-
11.0 mmol/l; or 2 values >10 mmol/l; or peak blood
glucose ≥10.0 and mean 2 hr glucose ≥6.7. Two
successive 2 hour post glucose blood glucose
concentrations >11.1; 3 non-successive 2 hr tests >11.1;
development of symptoms and raised glucose

Keen, UK (1982)w36 n=241 with impaired
glucose tolerance

Factorial trial: tolbutamide (0.5 g twice daily) or placebo and either dietary
teaching to restrict carbohydrate intake to 120 g/day or advice to restrict
table sugar

Blood glucose 6.7-11.1 mmol/l 2 hours after oral
glucose load of 50 g. Two hour post load glucose
>11.1 mmol/l

BMI=body mass index; OGTT=oral glucose tolerance test.
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reported 22 trials. A further study, the early diabetes
intervention trial (EDIT),w3 w4 was identified in a pub-
lished review.1 We excluded six because the treatment
allocation process had not been fully randomisedw5-w8

or the primary aim of the administered intervention
was not to prevent type 2 diabetes.w9-w11 We addition-
ally assessed 10 foreign language papers, four Chinese,
three Japanese, one Spanish, one Russian, and one
German. Four were excluded as they were discussion
papers rather than presenting original findings,w12-w15

and one was excluded as although it met most of our
inclusion criteria, type 2 diabetes was not a reported
outcome.w16 Of the five remaining relevant articles,
two reported results from the Japanese diabetes

prevention programme (JDPP)w17 w18 and three were
results from three separate Chinese studies.w19-w21

Study characteristics

Twenty one trials met the inclusion criteria for this sys-
tematic review,w1 w2 w17-w39 and 17 of them, with 8084
participants,were included in themeta-analyses (tables
1-4). The trials were heterogeneous in terms of inter-
ventions, ethnicity, weight, and age. Because of the
time period covered by the trials (1979-2006) several
definitions for type 2 diabetes and impaired glucose
tolerance had been used.18-22

Most definitions were similar: for type 2 diabetes
they involve a plasma glucose reading of

Table 4 | Information used for themeta-analyses of interventions to prevent or delay type 2 diabetes

Trial Intervention Log hazard
ratio (SE)*

Mean BMI
(kg/m2)

Mean
age

(years)

Average
follow-up
(years)

Baseline
risk†

Quality assessment‡

Concealed
allocation

Randomisation Blinding Withdrawals
and

dropouts

Jadad score

Lifestyle

Da Qing,1997w22 Diet −0.45 (0.22) 25.8 45.6 4.51* 15.7 No 1 0 1 2

Jarrett, 1979w2 Diet −0.17 (0.39) 26.2 56.7 4.39* 2.6 No 1 0 1 2

Wein, 1999w35 Diet −0.46 (0.30) 25.4 38.7 4.25 7.1 No 1 0 1 2

Da Qing, 1997w22 Exercise −0.64 (0.23) 25.8 45.3 4.62* 15.7 No 1 0 1 2

Tao, 2004w21 Both −1.20 (0.57) 25.4 51.0 2.58 17.0 No 1 0 1 2

Da Qing, 1997w22 Both −0.49 (0.23) 26.3 45.5 4.52* 15.7 No 1 0 1 2

DPP, 2002w23 Both −0.87 (0.11) 34.0 50.4 2.80 11.0 No 1 0 0 1

DPS, 2003w25 Both −0.92 (0.22) 31.2 55.0 3.20 7.4 No 1 0 0 1

Fang, 2004w19 Both −0.29 (0.39) 25.0 48.0 3.88* 10.0 No 2 0 1 3

IDDP, 2006w39 Both −0.47 (0.20) 25.8 45.9 2.50 18.3 No 1 0 1 2

Kosaka, 2005w27 Both −1.24 (0.60) 23.8 51.5* 3.64 2.6 No 1 0 1 2

Liao, 2002w29 Both −0.66 (1.22) 26.1 54.0 1.83* 3.1 No 1 0 1 2

Pharmacological/herbal

Fang, 2004w19 Acarbose −1.31 (0.55) 24.8 48.7 4.14* 10.0 No 2 0 1 3

Pan, 2003w31 Acarbose −0.51 (0.48) 25.7 54.5 0.37 30.0 No 1 2 0 3

STOP-NIDDM,
2002w33

Acarbose −0.29 (0.09) 30.9 54.5 3.30 12.6 Yes 2 0 1 3

Fang, 2004w19 Flumamine −0.84 (0.49) 25.0 48.7 4.06* 10.0 No 2 0 1 3

Eriksson, 2006w38 Glipizide −1.74 (1.10) 28.1 56.5. 1.32 23.8 No 1 2 1 4

DPP, 2002w23 Metformin −0.37 (0.10) 34.0 50.6 2.80 11.0 No 1 1 0 2

IDDP, 2006w39 Metformin −0.43 (0.20) 25.8 45.9 2.50 18.3 No 1 0 1 2

Li, 1999w30 Metformin −0.72 (0.71) 26.2 49.5 0.92 7.1 No 1 1 1 3

Jarrett, 1979w2 Phenformin 0.01 (0.39) 26.2 56.7 4.36* 2.6 No 1 1 1 3

Heymsfield,
2000w28

Orlistat −0.95 (0.35) 35.8 44.1 1.59 4.8 No 1 1 0 2

XENDOS, 2004w37 Orlistat −0.73 (0.31) 37.3 43.0 2.78 5.9 Yes 1 2 0 3

Fan, 2005w20 Jiangtang
bushen

−1.14 (1.15) 25.5 56.0 0.90* 13.3 No 2 0 1 3

Studies not included in meta-analyses

EDIT, 2003w3 Acarbose and/
or metformin

NA 28.6 52.1 NA NA NA NA NA NA NA

JDPP, 2005w18 Diet and
exercise

NA NA NA NA NA No 1 0 0 1

Keen, 1973w36 Tolbutamide
or diet

NA 56.5 NA NA NA No 1 1 0 2

Tripod, 2002w34 Troglitazone NA 37.0 43.0 NA 4.73 Yes 1 2 0 3

Both=diet and exercise; NA=not available.
*Estimated from, or transformation of, original data.

†Incidence of type 2 diabetes per 100 person years in control group.

‡Quality assessed by allocation of concealment and Jadad score (comprises randomisation and blinding, both marked out of 2), and description of withdrawals and dropouts (marked out of

1). Total Jadad score was therefore out of 5.
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≥11.1mmol/l two hours after a 75 g glucose load and a
fasting plasma glucose concentration of ≥7.8 mmol/l.
For impaired glucose tolerance the definition is 7.8-
11.1 mmol/l two hours after a glucose load. In 1997
the American Diabetes Association revised the
criteria21 and the fasting plasma glucose concentration
for diagnosis of type 2 diabetes was lowered from
≥7.8 mmol/l to ≥7.0 mmol/l. TheWorld Health Orga-
nization endorsed this reduction. Seven of the more
recent studies in our review used this lower threshold
in their definitions.
We did not included three relevant studies in the

meta-analyses because they reported insufficient data
and we could not obtain further data from the
authors.w3 w4 w17 w18 w36

Quantitative data synthesis

All the meta-analyses provided overwhelming evi-
dence to support the benefit of interventions to prevent
or delay type 2 diabetes. The pooled effect for all forms
of lifestyle interventions gave a hazard ratio of 0.51
(95% confidence interval 0.44 to 0.60, P<0.001)
(fig 2), indicating a relative 49% reduction in risk of
developing diabetes. When we separately considered
diet, exercise, and diet and exercise in combination
they all showed a similar reduction in risk (hazard
ratios 0.67, 0.49 to 0.92, P=0.013; 0.49, 0.32 to 0.74,
P=0.001; and 0.49, 0.40 to 0.59, P<0.001, respec-
tively).
Both forms of pharmacological intervention–oral

diabetes drugs and the anti-obesity drug–also showed
a highly significant benefit of intervention compared
with control (hazard ratios 0.70, 0.62 to 0.79,
P<0.001, and 0.44, 0.28 to 0.69, P<0.001, respectively;
fig 3). The one trial that assessed a herbal intervention
had a favourable hazard ratio, although this was not
significant (0.32, 0.03 to 3.07, P=0.323).

Assessment and exploration of heterogeneity

The I 2 value indicated that 0% of the variation in the
meta-analyses of the anti-obesity drug and oral dia-
betes drugs and just 8.8% in the meta-analysis of life-
style interventions was caused by between study het-
erogeneity. Table 5 shows the results of the meta-
regression analyses. For lifestyle intervention each
one unit increase in themean bodymass index at base-
line led to a decrease in the hazard ratio of −7.3%
(−13.6 to −0.9), P=0.029. This provides evidence that
as the average body mass index at baseline increased,
the effectiveness of the lifestyle intervention also
increased, meaning that lifestyle interventions were
more effective in trials that recruited participants with
higher body mass index values.
Baseline risk of type 2 diabetes varied greatly

between trials, from 2.6 to 30.0 cases per 100 person
years (table 4). Assessment of the data showed no indi-
cation of an interaction between the underlying base-
line risk and the intervention effect, with only a small
change in the log hazard ratio for a one unit increase in
the log baseline risk, and the 95% credible intervals
containing the null value of zero; lifestyle interventions

(0.08, 95% credible interval −0.10 to 0.24) and oral dia-
betes drugs (−0.12, −0.70 to 0.51).
Removal of the trials that had used the newer diag-

nosis criteria for impaired glucose tolerance or type 2
diabetes had minimal effect on the results, with the
pooled hazard ratio and 95% confidence interval chan-
ging to 0.66 (0.46 to 0.94) for diabetes drugs and 0.55

Study

0 1 2 3
Favours
intervention

Favours
control

Diet

Da Qing 1997w22

Jarrett 1979w2

Wein 1999w35

Pooled effect

Exercise

Da Qing 1997w22

Tao 2004w21

Pooled effect

Diet and exercise

Da Qing 1997w22

DPP 2002w23

DPS 2003w25

Fang 2004w19

IDDP 2006w39

Kosaka 2005w27

Liao 2002w29

Pooled effect

Overall pooled effect

Hazard ratio (95% CI)Hazard ratio (95% CI)

0.64 (0.41 to 0.99)

0.85 (0.40 to 1.81)

0.63 (0.35 to 1.14)

0.67 (0.49 to 0.92)

0.53 (0.34 to 0.82)

0.30 (0.10 to 0.93)

0.49 (0.32 to 0.74)

0.61 (0.39 to 0.95)

0.42 (0.34 to 0.52)

0.40 (0.26 to 0.61)

0.75 (0.35 to 1.60)

0.62 (0.42 to 0.92)

0.29 (0.09 to 0.94)

0.52 (0.05 to 5.69)

0.49 (0.40 to 0.59)

0.51 (0.44 to 0.60)

Fig2 |Meta-analysisofeffectof lifestyle interventionsonriskof

developing type 2 diabetes

Duplicates
removed (n=2172)

Did not
satisfy selection

criteria (n=11 188)

Progression to
type 2 diabetes not
reported as study
outcome (n=163)

6 trials,
reported in

7 publications,
excluded

because of
unsuitabilityw5-w11

Medline (n=5313)
Embase (n=8242)
  (including 10 translated papers from
  22 foreign language papers identified)

Satisfied selection criteria of
randomised controlled trial,

impaired glucose tolerance sample
or subsample (n=195)

21 trials, reported in 25 publications,
included in systematic review, 17 trials
provided sufficient data and were
suitable for meta-analysis
Review and meta-analysisw1 w2 w19-w35 w39 w?;
Review onlyw17 w18 w33 w36 plus EDIT

Progression to type 2 diabetes reported as study
outcome for 27 trials, covered by 32 publications

Fig 1 | Flow chart of literature search andmeta-analysis

RESEARCH

BMJ | ONLINE FIRST | bmj.com page 5 of 9



(0.45 to 0.66) for lifestyle interventions. The assess-
ment of influence of an individual study showed that
no single study greatly influenced the meta-analyses.

Study quality and publication bias

The three meta-analyses–lifestyle, diabetes drug, and
anti-obesity drug–varied minimally when we omitted
studies that had low Jadad scores or when we assessed
the individual components of the Jadad score through
sensitivity analyses. Concealment of allocation had
potentially been carried out by only two studies,
STOP-NIDDMw33 and XENDOS,w37 although this
was difficult to assess in many studies because of poor
reporting.We did not identify any publication bias for
the lifestyle meta-analysis (Begg’s test P=0.945 and

Egger’s test P=0.340). For meta-analysis of diabetes
drugs the Begg’s test result was significant (P=0.012)
and the Egger’s test result, although not significant,
still indicated a problem may be present (P=0.058).

Assessment of absolute effect of interventions

Combining the baseline hazards in the control arms of
all 17 trials gave a cumulative incidence of diabetes
over five years of 37.1%, which is in line with pre-
viously reported estimates.23 24 With the pooled hazard
ratios from the meta-analyses, the absolute difference
in incidence of diabetes, in terms of percentage points,
would be −15.8 (95% credible interval −19.8 to −11.9)
for lifestyle intervention, −9.3 (−12.4 to −6.7) for oral
diabetes drugs, −18.4 (−24.6 to −13.1) for orlistat, and
−22.7 ( −37.9 to 11.7) for the jiangtang bushen. We
used these figures to calculate numbers needed to
treat (NNT), where NNTB implies benefit–that is, the
number needed to be treated with the intervention
compared with the control treatment to prevent or
delay one case of diabetes–and NNTH implies harm-
ing effect of the intervention–that is, the number
needed to be treated by the control treatment com-
pared with intervention to prevent or delay one case of
diabetes.25 The numbers needed to treat were 6.4 (95%
credible interval NNTB 5.0 to NNTB 8.4) for lifestyle,
10.8 (NNTB 8.1 to NNTB 15.0) for oral anti-diabetic
drugs, 5.4 (NNTB4.1 toNNTB7.6) for orlistat, and 4.0
(NNTH 16.9 to NNTB 24.8) for jiangtang bushen
recipe.

Adverse events

Most adverse events possibly related to the interven-
tion drugs were gastrointestinal or, in the case of trogli-
tazone, a decline in liver function. Although adverse
events varied widely between trials, all were more
common in the intervention than in the placebo groups
(table 6).

Studies not included in the meta-analyses

Weomitted the Tripodw34 study and the arm of the dia-
betes prevention programme (DPP) trialw1 that
assessed troglitazone from the meta-analyses as trogli-
tazone is no longer a viable intervention for delaying
diabetes because of safety concerns. Both trials showed
a significant reduction in the development of diabetes
with troglitazone. Three additional trials fitted the
inclusion criteria for this systematic review but pro-
vided insufficient data for inclusion in the meta-analy-
ses.w3 w4 w17 w18 w36 The Japanese trial is ongoing, but the
preliminary results that have been published report a
halving of risk of diabetes in thosewho received advice
on diet and exercise.w17 w18 The results of the early dia-
betes intervention trialw3 w4 and research by Keen
et alw36 were less conclusive than the meta-analyses
reported here. The early diabetes intervention trial
found the relative risk of type 2 diabetes was signifi-
cantly reduced by acarbose (0.66, P=0.046) but not
metformin (1.09, P=0.70) or combination therapy
(0.72, P=0.27).w3 w4 Keen et al concluded there was no

Table5 | Resultsofmeta-regressionanalysesofinterventionsto

prevent or delay type 2 diabetes

Intervention and
covariate

Coefficient* (95%
CI)

Percentage
change in hazard
ratio (95% CI)

P value

Lifestyle

Mean BMI −0.04 (−0.08 to
−0.01)

−7.3 (−13.6 to−0.9) 0.029

Mean age (years) −0.03 (−0.07 to
0.01)

−3.8 (−8.6 to 1.0) 0.106

Follow-up (years) 0.15 (−0.04 to0.35) 9.5 (−3.3 to 30.0) 0.108

Oral diabetes drugs

Mean BMI 0.02 (−0.03 to0.07) 1.9 (−4.1 to 7.8) 0.482

Mean age (years) 0.03 (−0.02 to0.08) 1.5 (−1.4 to 4.4) 0.257

Follow-up (years) 0.08 (−0.17 to0.33) 13.1 (−30.0 to56.3) 0.495

*Represents change in hazard ratio for 1 unit increase in covariate.

Study

0 1 2 3

Favours
intervention

Favours
control

Oral diabetes drugs

Fang 2004w19

Pan 2003w31

STOP-NIDDM 2002w33

Fang 2004w19

Eriksson 2006w38

DPP 2002w23

IDDP 2006w39

Li 1999w30

Jarrett 1979w2

Pooled effect

Anti-obesity drug

Heymsfield 2000w28

XENDOS 2004w37

Pooled effect

Herbal

Fan 2004w20

Hazard ratio (95% CI)Hazard ratio (95% CI)Treatment

0.27 (0.09 to 0.79)

0.60 (0.24 to 1.53)

0.75 (0.63 to 0.90)

0.43 (0.16 to 1.14)

0.18 (0.02 to 1.50)

0.69 (0.57 to 0.84)

0.65 (0.44 to 0.96)

0.49 (0.12 to 1.95)

1.01 (0.48 to 2.15)

0.70 (0.62 to 0.79)

0.39 (0.19 to 0.78)

0.48 (0.26 to 0.88)

0.44 (0.28 to 0.69)

0.32 (0.03 to 3.07)

Acarbose

Acarbose

Acarbose

Flumamine

Glipizide

Metformin

Metformin

Metformin

Phenformin

Orlistat

Orlistat

Jiangtang bushen recipe

Fig 3 | Meta-analyses of effect of pharmacological and herbal interventions on risk of developing

type 2 diabetes
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evidence that either tolbutamide or a carbohydrate
restricted diet reduced incidence of diabetes.w36

Studies excluded from the review

We excluded six studies identified by the search strat-
egy. Of the three with inadequate randomisation, Sar-
tor et al assessed the effects of tolbutamide and diet,
and their results showed 29% of controls, 13% on diet
alone, and none on a maintaining diet with tolbuta-
mide developed diabetes.w5 The Malmo trial com-
pared a diet and exercise programme with standard
advice and found a relative risk reduction of 0.37
(95% confidence interval, 0.20 to 0.68),w7 and Swin-
burn et al compared a reduced fat diet with standard
advice and found a significantly lower proportion of
participants had diabetes at one year in the interven-
tion group (47% v 67%, P<0.05).w6 Therefore all three
of these trials reported similar results to the included
trials. Of the three trials that looked at prevention of
diabetes as post hoc analyses, two assessed angiotensin
converting enzyme inhibitors (captopril and rami-
pril)w9 w11 and one looked at bezafibrate,w10 which low-
ers concentrations of triglycerides and raises concen-
trations of high density lipoprotein cholesterol. The
drugs assessed in these trials are different to those in
our review and none of these trials reported results
solely for people with impaired glucose tolerance so
their results are not directly comparable with ours.

Tenenbaum et al concluded that bezafibrate reduces
the incidence and delays the onset of type 2 diabetes
in patients with impaired fasting glucose (hazard ratio
0.70, 95% confidence interval 0.49 to 0.99).w10 In a
population with primary hypertension one study
found that in patients with hypertension captopril was
associated with a lower risk of diabetes than conven-
tional treatment with diuretics or β blockers, or both
(0.82, 0.70 to 0.96, P=0.014),w9 and in individuals
with vascular disease the HOPE trial concluded that
ramipril was associated with a lower risk of diabetes
compared with placebo (relative risk 0.66, 0.51 to
0.85, P<0.001).w11

DISCUSSION

Our meta-analyses show that intervention can reduce
the risk of type 2 diabetes in people with impaired glu-
cose tolerance, and lifestyle interventions seem to be at
least as effective as pharmacological interventions.The
increase in obesity and decrease in physical activity in
Westernised societies are strongly linked with the
increase in the prevalence and incidence of type 2
diabetes.1 Lifestyle interventions, which aim to reduce
obesity and increase physical activity, help to directly
address these risk factors. In 2000 an estimated 171
million people in the world had diabetes, and the num-
bers are projected to doubleby 2030.26 Interventions to
prevent type 2 diabetes will therefore have an impor-
tant role in future health policies.
Regarding the long term impact of interventions, the

diabetes prevention programme reported progression
to type 2 diabetes after withdrawal from troglitazone
andmetformin.w127 Results showed the treatment effect
was not sustained after treatment stopped. It is there-
fore important that longer term follow-up is assessed
and also that patients are comfortable during treat-
ment. Even minor adverse events, such as the gastro-
intestinal adverse effects summarised here, take on
greater importance if interventions have to be taken
for life.Generallywe can assume that lifestyle interven-
tions incur fewer and less serious side effects than drug
treatment, but, as with the pharmacological interven-
tions, their effect may not be permanent and advice on
diet and exercise may need to be reinforced on a reg-
ular basis. Additionally, although compliancewas high
in these trials, we still do not knowwhether compliance
could be maintained outside of a trial setting.
Most of the hazard ratios and incidence rate ratios

included in the meta-analyses were unadjusted, except
those used for Wein et al,w35 STOP-NIDDM,w33 and
Indian diabetes prevention programme (IDDP).w39 As
trial arms were similar at baseline for unadjusted and
adjusted characteristics, it is unlikely that adjustment
introduced any inconsistency into the meta-analyses.
From the meta-regression results it seems that life-

style interventions may have a greater impact the
higher the mean baseline body mass index. Use of
study level data, however, can lead to problems of
aggregation bias, where there seems to be an associa-
tion when in fact one does not exist at an individual

Table 6 | Reported adverse events possibly attributable to

pharmacological interventions to prevent or delay type2

diabetes. Numbers are percentages exceptwhere indicated

Active
intervention and
trial

Event Inter-
vention
group

Place-
bo

group

Acarbose

Fang, 2004w19 Gastrointestinal side effects 8.0 0.0

Pan, 2003w31 Gastrointestinal side effects 35.7 18.2

STOP-NIDDM,
2002w33

Gastrointestinal side effects 13.0 2.5

Flumamine

Fang, 2004w19 Gastrointestinal side effects 6.3 0.0

Glipizide

Eriksson,
2006w38

Hypoglycaemic symptoms 41.0 32.0

Troglitazone

DPP, 2005w1 Liver function test ≥3 4.3 3.6

Liver function test ≥10 1.2 0.2

Metformin

DPP, 2002w23 Gastrointestinal symptoms 77.8* 30.7*

IDDP, 2004w39 Hypoglycaemia 8.4 0.0

Gastrointestinal symptoms 1.9 0.0

Li, 1999w30 Gastrointestinal side effects 4.4 0.0

Orlistat

XENDOS,2004w37 At least one gastrointestinal
event in 1st year

91.0 65.0

At least one gastrointestinal
event in 4th year

36.0 23.0

Withdrawals because of
adverse events

4.0 8.0

*Number of events per 100 person years.
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level.14 To conduct a more conclusive assessment we
would need data on individuals.
There was great diversity in study quality, with the

lifestyle trials generally scoring lower on the Jadad
score, because blinding of treatment was not possible.
The trial of Heymsfield et alw28 combined data from
three randomised controlled trials on weight loss.
Though it was not a true single study we treated it as
such for the purposes of these analyses as results were
not available for each trial individually. All three trials
were almost identical in their design and had not been
individually powered to assess incidence of type 2 dia-
betes as an outcome.
Since we carried out our literature search a further

relevant trial has been published–the diabetes reduc-
tion assessment with ramipril and rosiglitazone medi-
cation (DREAM) trial.28 29 Unfortunately we could not
include it as we were unable to obtain relevant data.
This trial reported only combined results for indivi-
duals with either impaired glucose tolerance or
impaired fasting glucose so it is not directly compar-
able with our meta-analyses here, but in summary
they found the ACE inhibitor ramipril did not signifi-
cantly reduce the incidence of diabetes (hazard ratio
0.91, 0.80 to 1.03) but rosiglitazone, an oral diabetes
drug, did (0.38, 0.33 to 0.44). Heneghan et al have
recently expressed concern over the rate of cardiovas-
cular events in the rosiglitazone group.30

Conclusions

While we have shown the clinical effectiveness of both
pharmacological and lifestyle interventions in signifi-
cantly reducing the risk of developing type 2 diabetes
in people with impaired glucose tolerance, several
issues remain. Determining the best approach to inter-
vention, be it pharmacological or lifestyle, depends not
just on their performance in trial settings but on issues
not yet resolved. For pharmacological interventions
adverse effects need to be fully understood to enable
potential harms and benefits to be assessed. Also
should what is fundamentally a lifestyle issue really
be treated with a lifelong course of medication? As
compliance is the key to the success of lifestyle inter-
ventions, strategies to assist compliance need to be
carefully thought through and implemented.
Finally, the evidence meta-analysed here is on

patients already identified as having impaired glucose

tolerance. The overall effectiveness and cost effective-
ness of a policy of prevention or delay of diabetesmust
consider how different identification and screening
strategies would affect the overall evaluation of such
policies.
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